ABSTRACT -The objective of this experiment was to evaluate the structural characteristics of young, mature and old tillers on continuously stocked marandu palisade grass maintained at 30 cm and fertilized with nitrogen. Treatments corresponded to three nitrogen application rates (150, 300 and 450 kg/ha of N) plus control (no fertilization) and were 
Introduction
Pastures are dynamic environments that respond to variations in climate and management through changes in processes at individual tiller and tiller population level. According to Lemaire & Agnusdei (2000) , the progressive and reversible change in morphology of plants in response to defoliation is defined as phenotypic plasticity, and characterise pastures as highly regulated systems where morphogenetic changes determine modifications in structural characteristics of individual tillers which, in turn, cause modifications in sward structure. Amongst the structural characteristics, sward leaf area index is highly correlated with both plant and animal responses (Sbrissia & Da Silva, 2001) , being, for that reason, the point of origin as well as the point of convergence of all modifications when swards are subjected to defoliation (Lemaire, 2001) .
Sward leaf area index is formed by the combination of three structural characteristics; leaf size, tiller population density and number of live leaves per tiller. These, in turn, correspond to the phenotypic expression of morphogenetic characteristics in a given environment (rates of leaf appearance and elongation and leaf lifespan) (Lemaire & Chapman, 1996) . Amongst the management practices that determine the rhythm of phenotypic expression of morphogenetic responses, interfering with structural characteristics, nitrogen fertilization is certainly one of the most important. In recent years, the effect of nitrogen on structural characteristics of forage tropical grasses like mombaça guinea grass (Garcez Neto et al., 2002) , massai guine grass (Martuscello et al., 2006) , signal grass (Morais et al., 2006) and marandu palisade grass (Alexandrino et al., 2004) has been described. One of the most common responses is variation in tiller population density, as a result of modifications in patterns of tiller appearance and death (Cruz & Boval, 2000) . In general, the use of nitrogen fertilizer accelerates the appearance and death of tillers (Caminha et al., 2010) , modifying the age profile of the tiller population in the area. Bullock et al. (1994) showed evidences that tiller age interferes with plant integrated physiological and morphological responses, altering their form and function at tiller and population level, causing temporal as well as spatial modifications in sward structure. According to those authors, plant age has a strong influence on the production of leaf tissue per tiller, which could result in larger accumulation of high quality herbage (Santos et al., 2006) , suggesting the potential for manipulation of tiller population and its age profile as a means of increasing production and productivity of pastoral systems.
Marandu palisade grass is one of the most used grass species in cultivated pastures of Brazil. However, evidence regarding the effect of tiller age and nitrogen fertilization on its patterns of growth and development are scarce. Against that background, the objective with this experiment was to evaluate the structural characteristics of tiller age categories in continuously stocked marandu palisade grass maintained at 30 cm and fertilized with rates of nitrogen.
Material and Methods
The experiment was carried out in Piracicaba, state of São Paulo, Brazil (22º42' S, 47º37' W and 550 m a.s.l.), on a fertile Eutric Kandiudalf soil, from Jan. 2007 to Apr. 2008. Average soil chemical characteristics (van Raij et al., 1986) for the 0-20-cm layer were: pH 0.01 M CaCl 2 = 5.0; OM = 41.6 g/dm 3 ; P (ion-exchange resin extraction method) = 62.1 mg/dm 3 ; Ca = 60.7 mmol c /dm 3 ; Mg = 16.0 mmol c /dm 3 ; K = 6.6 mmol c /dm 3 ; H+Al = 44.3 mmol c /dm 3 ; sum of bases = 99.0 mmol c /dm 3 ; cation exchange capacity = 127.5 mmol c /dm 3 ; base saturation = 65.5%, indicating adequate conditions of soil fertility for the forage grass species studied (Brachiaria brizantha (Hochst ex A. Rich) Stapf. cv Marandu) (Werner et al., 1996) . The climate, according to Koppen, is the Cwa mesothermal humid subtropical of dry winter, with average temperatures lower than 18 °C (12.5 to 22.4 ºC) in the coldest month and higher than 22 ºC (19.8 to 27.9 ºC) during the summer. Climatic data during the experiment were collected in a Meteorological Station located at approximately 500 m from the experimental site (Figure 1) .
Monitoring of sward surface height started soon after staging and was performed on a weekly basis until swards reached around 20 cm, when the frequency of monitoring increased to twice a week until the end of the experiment. A total of 100 readings per paddock were recorded using a sward stick (Barthram, 1985) . These were taken along four transect lines arranged in a zigzag format (25 points per transect). A tolerance range of ±10% was established for variations around the target (27 to 33 cm), and as the lower limit of the range was reached, animals started to be placed in paddocks, from Oct. 2006 onwards. Animals were added or removed from paddocks according to the need to maintain sward target relatively stable and around 30 cm. Grazing was carried out by Nelore (Bos taurus indicus) and Canchim (3/8 Charolais -Bos taurus taurus -× 5/8 Zebu -Bos taurus indicus -crossbred) heifers with an average initial body weight of 250 to 280 kg. Variation in sward surface height throughout the experiment remained within the pre-specified range (30 cm ± 10 %), with an average of 29.7 cm (± 0.67) varying from 27.8 to 31.0 cm. Stocking rate used to control grazing and maintain swards on target varied from 0.3 to 5.6 animal units/ha (1 AU = one adult animal weighing 450 kg) throughout the year.
Treatments corresponded to the application of 150, 300 and 450 kg/ha of N plus the control (no fertilization) using pure ammonium nitrate. The total dose was applied in four equal dressings throughout the year in the following dates: Year 1 -Dec. 19, 2006; Jan. 16, 2007; Feb. 23, 2007 and Mar. 23, 2007; Year 2 -Dec. 20, 2007; Jan. 17, 2008; Feb. 14, 2008 and Mar. 13, 2008 . The experimental design was of completely randomized block, with four replications. Evaluations were initiated only after all 16 paddocks (experimental units) had reached the sward target of 30 cm and were being continuously stocked by cattle, a condition that only happened from Dec. 2006 onwards. For that reason, the experimental period started only in Jan. 2007 and finished in Apr. 2008, comprising two entire consecutive pasture growing seasons (2006/2007 and 2007/2008) .
Measurements relative to structural characteristics of tiller age categories were carried out in two opportunities throughout the year; one during fall/winter 2007 (Jun. 6 to Jul.30, 2007) and another during summer 2008 (Feb. 22 to Mar. 19, 2008 , which were periods of low and high growth rates of plants, respectively (Mesquita et al., 2010) . In order to perform this kind of evaluation, it was necessary to know the time of appearance of each tiller generation, which was the reason why measurements of this experiment were performed on tillers tagged every 28 days following a protocol for evaluating tiller dynamics and demography in a concomitant experiment in the same experimental area (Caminha et al., 2010) . Three 30-cm diameter PVC rings were anchored at soil surface using metallic staples and all tillers inside the rings were labelled with single colored plastic coated wires at first tagging. From second the tagging onwards, new tillers were tagged using a new color, and the surviving ones were counted throughout the experimental period. Based on appearance dates, tillers were divided in In all periods, six tillers from each age category were chosen per ring, totalling 72 tillers per treatment. These were identified using plastic rings and monitored once a week during fall/winter and twice a week during summer. Selected tillers were classified as basal or aerial, intact or defoliated. Further, leaves were also classified as intact or defoliated, and had their lamina length measured according to their stage of development. On expanded leaves, length was measured from the tip of the leaf to its ligule. On expanding leaves the procedure was the same, except that the ligule of the last expanded leaf was used as reference. On senescing leaves, measurements were made from the ligule to the border line between the green and the yellow/brown-senescing tissue on the leaf lamina. The length of leaf sheath + stem (denominated only stem from this point onwards) was measured from the point of origin of the tagged tiller (soil level or point of insertion on the parent tiller for basal and aerial tillers, respectively) to the ligule of the last expanded leaf.
Data was used to calculate the structural characteristics of tillers for each age category, as follows:
Final lamina length of expanded leaves (cm) -calculated as the sum of the average length of expanded leaves per tiller divided by the number of evaluated tillers;
Stem length (cm) -calculated as the sum of stem length per tiller divided by the number of evaluated tillers;
Number of expanding, expanded and senescing leaves per tiller -calculated as the sum of expanding, expanded and senescing leaves per tiller divided by the number of tillers evaluated, respectively;
Number of live leaves per tiller -calculated as the sum of expanding, expanded and senescing leaves per tiller divided by the number of evaluated tillers. Senescing leaves in which more than 50% of lamina length had been impaired by senescence were discarded.
Data for each time of the year were analysed using the GLM procedure (Allison, 2005) of SAS ® (Statistical Analysis System). Treatment means were estimated using the "LSMEANS" command and comparisons, when appropriate, made with Tukey test at a 5% significance level.
Results and Discussion
Forage grasses in pastures have a large capacity of adapting to defoliation strategies through progressive and reversible changes in their morphogenetic and structural characteristics (Lemaire & Chapman, 1996) . Pastures, as plant communities, are comprised of tillers in different stages of development, presenting at any one time tillers that have just appeared, tillers at variable stages of vegetative development and also tillers at their reproductive stage. In each developmental stage, plant structural characteristics may vary depending on local nutrient availability, physiological age of tillers (Bullock et al., 1994) and potential of response of such tillers to management practices (Pontes et al., 2010) . In this study, the final length of expanded leaves and stem length varied only with tiller age category (P<0.0001 for final length of expanded leaves and stem length in fall/winter and P = 0.0020 for final length of expanded leaves and P<0.0001 for stem length in summer), with no response to nitrogen fertilization (P>0.05) ( Table 1) .
During fall/winter, mature tillers had longer final length of expanded leaves than young and old tillers (Table 1) . According to Lemaire & Chapman (1996) , leaf length is the combined result of leaf elongation rate and leaf elongation duration, both influenced by leaf sheath length. As a consequence, the first leaves emerging from short pseudo stem tillers appear very quickly and are short; this changes to the reverse as pseudo stem length increases with tiller development. Such pattern of response is in line with the results of final length of expanded leaves recorded during fall/winter, since young tillers were at their early stages of development characterised by short stems, and old tillers were at their reproductive stage, causing shortening of leaf sheath due to elevation of their apical meristem. During summer, there was no difference in final length of expanded leaves between young and mature tillers, which had larger final length of expanded leaves than old tillers. Leaf size is the combined result of leaf appearance and elongation rate, with long leaves associated with high rates of leaf elongation and short leaves associated with high rates of leaf appearance (Cruz & Boval, 2000) . Therefore, rates of leaf appearance and elongation influence leaf size in opposite ways as a means of maintaining the structural characteristics of tillers and sward structure relatively stable. Further, there is an ontogenetic effect on morphogenetic characteristics of tillers, with young tillers having higher rates of leaf appearance and elongation than old tillers (Paiva et al., 2011) . The fact indicates that in addition to stem length, the balance between leaf appearance and elongation is also an important factor determining the final length of leaves (Duru & Ducrocq, 2000b) . In the present study, during summer, young and mature tillers had similar final length of expanded leaves, suggesting that rates of leaf elongation for both tiller age categories compensated the effect of shorter stems on final leaf length.
As tillers develop, successive leaves take longer to appear and have longer final length of expanded leaves (Skinner & Nelson, 1995) . However, stem elongation elevates apical meristems of tillers, shortening the sheath of new leaves and resulting in shorter appearance intervals for leaves of higher level of insertion in tiller axis (Duru & Ducrocq, 2000ab; Skinner & Nelson, 1995) , especially for tropical grass species (Da Silva & Nascimento Júnior, 2007) . Usually, old tillers are subjected to longer periods of competition for light, explaining their longer stems and short leaves relative to young tillers during both fall/winter and summer.
The number of live leaves per tiller was not affected by nitrogen fertilization (P>0.05), but varied with tiller age category (P = 0.0002 in fall/winter and P<0.0001 in summer) ( Table 2) . During fall/winter, the number of live leaves per tiller on mature tillers was larger than on young and old ones, while in summer number of live leaves per tiller decreased as tillers became older. Number of live leaves per tiller is a relatively stable characteristic for a given plant genotype (Lemaire & Chapman, 1996; Matthew et al., 2000) . It is the result of the interaction between leaf appearance rate and leaf lifespan (Duru & Ducrocq, 2000b; Lemaire & Chapman, 1996) , a condition that favors the existence of leaves of different developmental stages on a same tiller. However, depending on the stage of development and tiller age, the number of live leaves per tiller may vary. In the present study, during fall/winter, mature tillers showed larger number of live leaves per tiller than young and old tillers. The smaller number of live leaves per tiller for old tillers was the result of the lower number of expanding and larger number of senescing leaves (Table 3) ; both characteristics that varied only with tiller age category (P<0.0001). For young tillers, the smaller number of live leaves per tiller was the result of a smaller number of senescing leaves, since there was no difference in the number of expanded leaves per tiller between tiller age categories (average of 1.6 expanded leaves per tiller). The greater number of live leaves per tiller for mature tillers was due to the big number of expanding, senescing and expanded (1.9 leaf/tiller) leaves for that tiller age category. Old tillers are characterized by low rates of leaf appearance relative to mature and young tillers (Duru & Ducrocq, 2000b) , which result in smaller number of expanding leaves with longer leaf lifespan, a condition associated with bigger number of senescing leaves. On the other hand, young tillers have higher rates of leaf appearance and shorter live leaves (Paiva et al., 2011) , while mature tillers show intermediate behaviour between young and old tillers.
During summer, number of live leaves per tiller was not affected by nitrogen fertilization (P>0.05). However, the number of expanding leaves per tiller varied with the nitrogen fertilization × tiller age category interaction (P = 0.0310) (Figure 2) , with smaller numbers recorded for old tillers as nitrogen application rate increased, except for the nonfertilized swards. This fact may be related with the difference between chronological and physiological age of monitored tillers. On fertilized swards, tillers tagged as old (more than 4 months of tagging) could be physiologically older than those on non-fertilized or fertilized with lower rates of nitrogen, a consequence of the direct influence nitrogen exerts in accelerating cell flows in meristematic zones (MacAdam et al., 1989) . The number of senescing leaves per tiller varied only with nitrogen fertilization (P = 0.0017) (Figure 3) , with larger values recorded on swards fertilized with 300 and 450 kg/ha. Such effect is probably related to the positive influence nitrogen has on cell metabolism, increasing cell flows and consequently the rhythm of initiation and senescence of leaves (Schnyder et al., 2000) . Tiller age may interfere with the strategy plants use to persist in grazed communities (Bullock et al., 1994) . Young tillers have high leaf elongation rates as a means of allowing for high rates of growth, a typical response associated with resource capture strategies. In spite of their shorter pseudo stem (Table 1) , they possibly show high rates of leaf appearance and elongation in response to nitrogen fertilization, which explains the larger number of expanding and long expanded leaves (Tables 1 and 3 ). On the other hand, old tillers seem to rely on resource conservation strategies, even under conditions of high availability of nitrogen (Figure 2) . Even though nitrogen promoted changes in the number of senescing and expanding leaves per tiller, during summer, the number of live leaves per tiller varied only with tiller age category ( Table 2) .
Recent series of experiments with marandu palisade grass carried out concomitantly to this experiment in the same experimental area demonstrated that nitrogen fertilization increased the turnover of tiller population by accelerating rates of tiller appearance and death (Caminha et al., 2010) and resulted in larger proportions of leaves in sward herbage mass as well as larger sward leaf area index on swards maintained at the same height (Mesquita et al., 2010) . Therefore, tiller age interfered significantly on tiller structural characteristics, resulting in variations in sward structure with potential implications to plant and animal responses (Hodgson & Da Silva, 2002) . The fact opens a new window of opportunities for planning and definition of grazing management practices and the use of fertilizers and irrigation in pastures through manipulation of aspects related to the dynamics of tiller population and perennation strategy used by plants.
Conclusions
Tiller age is an important factor interfering with structural characteristics and may influence plant and animal responses on pastures by altering sward structure. 
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